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Abstract 
Summary indicators for measuring and assessing infant and child feeding 
practices are needed for research, communication and advocacy, and program evaluation. 
This paper reports on progress in developing a summary measure of infant and child 
feeding practices that addresses the following two challenges: infant and child feeding is 
multidimensional, and appropriate practices vary by age of the child. Much previous 
research in the area of infant and child feeding has focused on single practices over a 
narrow age range and so has not addressed the determinants and impact of adequate or 
optimal infant and child feeding. 
Using data from the Ethiopia Demographic and Health Survey, an infant and child 
feeding index is constructed, summarizing a range of key practices, including 
breastfeeding, bottle use, feeding frequency, and diet diversity. Because it provides age-
specific scoring and incorporates various practices, the index is a useful analytic tool. 
The index is associated with an indicator of child growth (height-for-age) in 
bivariate and multivariate analyses. Examination of individual indicators shows that this 
association is driven by a strong positive association between one component￿diet 
diversity￿and height-for-age. Further work is required to establish the nature of the 
relationship between infant and child feeding indicators, nutrient adequacy, growth, and 
other outcomes. But because it can be used to illustrate the association between a set of 
recommended practices and growth, the index may serve as a communication tool with 
policymakers.   iii
Simulations show that the index accurately reflects an averaging of changes in 
individual component practices, and so it may also be of use to program managers who 
seek a summary measure for assessing program impact on a range of early feeding 
practices. 
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1. Introduction 
Feeding practices are one important determinant of the nutritional status of infants 
and children. Along with access to food, adequate sanitation, health care, feeding, and 
other childcare practices can help determine who thrives and who falters. It is useful to 
measure and describe infant and child feeding practices in a number of contexts. These 
include 
•  International comparisons of the adequacy of infant and child feeding, 
•  Research linking infant and child feeding to determinants or outcomes, 
•  Advocacy regarding the importance of adequate infant and child feeding, 
•  Monitoring or evaluation of interventions designed to change practices. 
This document builds on our previous work on the development of an infant and 
child feeding index (IFCI)
1 for assessing complementary feeding practices using data 
from the Demographic and Health Surveys (DHS). Both here and in the previous work, 
we construct an index with the objective of reflecting as many dimensions of feeding as 
possible, within the limits of the data.  
Our previous work confirmed the feasibility and usefulness of creating an infant 
and child feeding index using DHS data sets from five Latin American countries (seven 
data sets) (Ruel and Menon 2002). The construction of the index addressed two 
                                                 
1 The infant and child feeding index (ICFI) referred to throughout this document covers infants aged 6￿12 
months as well as older children (12￿36 months), but not infants aged 0￿5 months. This is because for 
infants 0￿5 months, there is only one recommended practice (exclusive breastfeeding); creation of an index 
for this age group is therefore unnecessary.   2
challenges in measuring and assessing infant and child feeding practices: these practices 
are multidimensional, and appropriate practices vary by age. Many past efforts to 
describe practices have focused on single dimensions (e.g., continued breastfeeding). The 
index proved useful for summarizing information on a variety of dimensions of age-
specific feeding practices into one variable, which could then be used for research and 
analysis or as a communication and advocacy tool. 
The work reported here addresses additional methodological issues related to the 
creation and use of an ICFI using DHS data. One of the motivations for undertaking this 
additional work was that the DHS questionnaire on infant and child feeding practices was 
modified in the late 1990s to include more detailed complementary feeding questions.
2 
The most important change was the addition of a number of food groups (e.g., groups for 
vitamin-A-rich fruits and vegetables, fats and oils, etc.) to the 24-hour and seven-day 
recall questions regarding intake of complementary foods. The infant and child feeding 
topics currently covered in the DHS+ questionnaire include breastfeeding, bottle-feeding, 
frequency of feeding complementary foods, intake of liquids and foods from a variety of 
groups in the previous 24 hours, and the number of days the child was fed foods and 
liquids from these same groups in the previous seven days.  
To carry out the additional methodological work on infant and child feeding 
practices presented in this report, we used the Ethiopia DHS+ 2000 data set. The main 
objectives were to 
                                                 
2 The new version is referred to as the ￿MEASURE DHS+￿ or ￿DHS+￿ questionnaire {ORC MACRO 2001 
240 /id}.   3
1.  Revise and refine the ICFI, taking advantage of the additional information 
available on infant and child feeding practices in the DHS+ questionnaire; 
2.  Confirm our previous findings from analyses of data sets from Latin 
America￿i.e., that the ICFI is associated with child nutritional status (height-
for-age Z-scores [HAZ])￿in a very different, African context (Ethiopia), and 
to confirm that the association remains when socioeconomic factors are 
controlled for; 
3.  Determine which components of the feeding index appear to be most 
important in driving the association between the index and child nutritional 
status, and to determine whether the index could be simplified (by reducing 
the number of variables); and 
4.  Assess the potential usefulness of the index for three purposes: 
a. international  comparisons, 
b.  summarizing information into one variable, which can then be used for 
research and analysis of associations (e.g., between feeding practices and 
child outcomes) or for communication and advocacy, 
c. monitoring  and  evaluation  of nutrition interventions. 
The research presented here is concerned with complementary feeding practices 
and thus focuses on children aged 6￿36 months.   4
2. Methods 
Description of Survey and Sample Selection 
The 2000 Ethiopia Demographic and Health Survey (EDHS) is a nationally 
representative survey, which included 15,367 women of reproductive age (15￿49 years) 
and 10,872 children 60 months or younger. A detailed description of the survey 
methodology and key descriptive findings is available in the Ethiopia Demographic and 
Health Survey 2000 report (Central Statistical Authority [Ethiopia] and ORC MACRO 
2001). The survey was designed to gather information on a range of topics, including 
fertility, family planning, infant and child mortality, maternal and child health, and 
nutrition. This report presents additional analyses of information on infant and child 
feeding practices. 
Our analysis focuses on infants and children under 36 months of age and excludes 
older children; twins and children missing key data (anthropometry or complementary 
feeding information) were also excluded. In households with more than one child below 
36 months of age, one child was selected randomly. The final sample included 4,624 
children. 
 
Construction of the Infant and Child Feeding Index (ICFI) 
Overall Approach 
The ICFI included five components: (1) a breastfeeding score (mother currently 
breastfeeding [yes/no]); (2) a bottle use score (child was given a bottle in the previous 24   5
hours [yes/no]); (3) a 24-hour dietary diversity score (child received selected food groups 
in the past 24 hours [yes/no]); (4) a score for frequency of feeding solids/semisolid foods 
in the past 24 hours (number of meals and snacks); and (5) a seven-day quasi-food 
frequency score (number of days child received selected food groups in the past seven 
days).  
The methodology used to create the index was similar to the approach used with 
the Latin American data sets, although some modifications were made in the coding of 
some variables (Ruel and Menon 2002). The list of variables and the scoring system used 
for Ethiopia to create the ICFI for the different age groups are presented in Table 1.
3 In 
general, a score of 0 was assigned to potentially harmful practices and a score of 1￿3 to 
positive practices. As with the Latin America feeding index, practices were considered 
positive or negative based on current infant and child feeding recommendations and on 
available scientific evidence about benefits or risks (WHO 1995; Brown, Dewey, and 
Allen 1998).
4 A summary of the approach used to score different components of the 
index is presented below.
                                                 
3 The main differences between the index created for Latin American countries and the index created with 
the Ethiopia data are as follows: (1) Both the dietary diversity (based on 24-hour recall) and the food 
frequency (based on seven-day recall) variables included a larger number of food groups in the Ethiopia 
analysis because of the improved design of the questionnaire. (2) In the Ethiopia analysis, cutoff points for 
the dietary diversity and the food group frequency variables were derived using sample- and age-specific 
terciles (see description in Scoring of Components section below). In the Latin America analysis, these 
cutoff points were derived arbitrarily. (3) The food frequency variable contributed five or six points 
(depending on the age) to the index in the Latin American analysis. For the Ethiopia analysis, the weight of 
this variable was reduced to two or three (depending on age) to obtain a better balance in the weighting of 
the different variables. (4) The maximum scores in the Ethiopia and Latin America analyses were 9 and 12, 
respectively.  
4 While current recommendations cover children only up to 24 months, children aged 24￿36 months are 
still vulnerable and in need of frequent feeding and high-quality, nutrient-dense foods. Following on our 
previous work, we include children up to 36 months in this report.  
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6  7
Scoring of Components 
Breastfeeding and Bottle Use.  These variables were scored according to current 
recommendations, which state that exclusive breastfeeding should be practiced up to six 
months of age and breastfeeding should be continued up to at least two years of age. 
Bottle use is discouraged at all ages because it can interfere with breastfeeding and 
introduce pathogens, thereby increasing the risk of infectious diseases. The scores used 
for breastfeeding and bottle use are as follows. 
   A score of +2 is given for breastfeeding at ages 6￿9 and 9￿12 months (because it 
is particularly critical during the first year of life). 
   A score of +1 is given for breastfeeding at ages 12￿36 months. 
   A score of 0 is given for not breastfeeding children of any age. 
   A score of 0 is given for bottle use at any age, and a score of +1 is given for 
avoidance of bottle-feeding. 
24-Hour Dietary Diversity. There are currently no specific recommendations regarding 
the optimal number of foods or food groups that a child should consume each day at 
different ages. There is, however, a consensus that higher dietary diversity is desirable 
and that a larger number of foods or food groups can help meet daily requirements for a 
variety of nutrients. In the absence of a recommendation, we used the age-specific 
distribution of the number of food groups consumed in the past 24 hours to select the 
(age-specific) cutoff points to allocate scores of 0￿2 for dietary diversity.   8
The methodology was as follows. First, the number of food groups given to the 
child in the past 24 hours was summed. Food groups available in this data set included 
grains, roots/tubers, milk other than breast milk, vitamin A-rich fruits and vegetables, 
other fruits and vegetables (or juices), meat/poultry/fish/cheese/eggs/yogurt, legumes, 
and foods prepared with fat. Second, distributions were examined within age groups, and 
age-specific scores were assigned; the scores of 0￿2 reflect terciles as closely as possible 
(see Table 1). 
 
Seven-Day Quasi-Food Frequency.
5  As with the 24-hour diversity score, this score was 
based on the observed distribution of the data within age groups. The seven-day 
information available in the DHS is the number of days the child was offered specific 
food groups. The same food groups as for the 24-hour recall (used to derive the dietary 
diversity score) are available. However, for this score, we combined two food groups￿
grains and roots/tubers￿into a variable for staple foods. Thus, instead of eight food 
groups, the food frequency score uses seven food groups.  
Each food group was coded zero if not given at all in the previous week, as 1 if 
given on 1￿3 days, and as 2 if given on 4￿7 days. The scores for each of the seven food 
groups were summed, for a total score ranging from 0 to 14. Once this intermediate 
variable was constructed, distributions were examined within age groups. As with the 
                                                 
5 This is actually a modified food group frequency, where the questions are asked in the form, ￿How many 
days in the last seven days was (name) given (food group)?,￿ so that the number entered for each child is 
the number of days, with a maximum of seven, not the number of times the child ate a food from the group.   9
diversity variable, scores of 0￿2 were assigned based as closely as possible on age-
specific terciles (see Table 1). 
 
Frequency of Feeding Solid/Semisolid Foods in Previous 24 Hours.  Current international 
recommendations for frequency of feeding exist (Brown, Dewey, and Allen 1998), but 
these recommendations are to be used in combination with information on the energy 
density of the diet. For instance, if the mean energy density of the diet is 0.6 kilocalories 
per gram (kcals/g), a minimum of 3.7 meals (or feeding episodes) is required to attain the 
level of energy needed from complementary foods for infants 6￿9 months of age. 
Similarly, at an energy density of 0.6 kcals/g, 4.1 meals/feeding episodes are needed for 
infants 9￿12 months of age, and 5 meals/feeding episodes are needed for children 12￿24 
months of age. The number of meals required for children consuming meals higher in 
energy density is proportionally lower for all age groups.  
Information on average energy density of complementary foods unfortunately 
cannot be collected in the DHS or other similar large surveys because it requires in-depth 
dietary information. In the absence of energy density information, we used 
recommendations currently available for average energy densities of at least 0.6 kcal/g as   10
a basis for our scoring (recognizing that these recommendations may not be adequate for 
some children and/or some populations) (Dewey 2002). These recommendations are
6 
Infants 6￿9 months should be fed 2￿3 times per day, 
Infants 9￿12 months should be fed 3￿4 times per day, 
Children 12￿36 months should be fed 4￿5 times per day.
7 
The scores allocated to the frequency of feeding variable ranged from 0 to 2 for 
6￿9- and 9￿12-month-old children, and ranged from 0 to 3 for 12￿36-month-old children
8 
(Table 1). The maximum scores (2 for 6￿9- and 9￿12-month-old children and 3 for 
12-36-month-old children) were given for children who were fed the number of times 
recommended above. A score of zero was given when children 6￿12 months of age were 
not fed complementary foods at all the previous day, and when older children (12￿36 
months) were fed complementary foods once or not at all.  
The higher score (3) for the older children was given in recognition of the 
increasing range in frequency of feeding, and the increasing role of complementary foods 
in the diet, as the contribution of breast milk declines. This additional ￿point￿ for 
                                                 
6 For diets with an average energy density lower than 0.6 kcal/g, the number of meals required to meet 
energy needs from complementary foods becomes excessive (especially among 12-23-month-old children). 
In these situations, it is recommended that interventions designed to improve complementary feeding start 
by focusing on increasing the energy density of the diet. Once the energy density is at an acceptable level 
(>0.6 kcals/g), recommendations about an optimal number of feedings per day can be made. 
7 As noted in footnote 4, current international recommendations on frequency of feeding cover children up 
to 24 months, whereas this analysis includes children up to 36 months. 
8 Just as there are concerns about insufficiently frequent feeding, there are concerns about overly frequent 
feeding and the potential this may have to compromise breastfeeding. This is particularly of concern in the 
younger age groups. However, we did not feel we had a basis for assigning lower scores to frequencies 
exceeding the recommendations. Few children fell into these categories (3￿5 percent, depending on the age 
group).   11
frequency also balanced the lower score attributed to breastfeeding in this age group (1 
versus 2 for infants 6￿12 months), thus yielding the same total range of scores for the 
index. 
 
The Feeding Index Scores and Terciles 
The ICFI score was derived by summing all of the component scores: 
(breastfeeding score) + (bottle use score) + (24-hour diversity score)  
 +  (frequency of feeding score)  
 +  (seven-day quasi-food frequency score). 
The index ranged between 0 and 9. Note that each component of the score was 
given approximately equal weight. There is currently neither standard guidance nor an 
empirical basis for weighting the various dimensions of infant and child feeding relative 
to one another. In the absence of such guidance, we gave equal weight to each 
component, while recognizing that this weighting is arbitrary.  
Age-group-specific terciles were constructed for the ICFI score, using the 
following guidelines: minimize the differences between actual percentages and 33 
percent; when a choice is necessary, lump into the middle category so as not to dilute the 
contrast between the extremes. 
 
Socioeconomic Status Factors 
To understand and accurately represent relationships between infant and child 
feeding practices and child nutritional status, it is essential to control in multivariate   12
analyses for child, maternal, and household factors, which may act as potential 
confounding factors. The DHS data sets do not contain data on income and expenditure, 
and thus other proxies for household socioeconomic conditions must be used.  
In the absence of income and expenditure data, several researchers have recently 
used factor analysis/principal components approaches to construct measures of long-term 
wealth (Filmer and Pritchett1998; Stifel, Sahn, and Younger 1999) based on housing 
conditions, ownership of assets, and availability of basic services. We have also 
successfully used these types of variables to create a socioeconomic factor using DHS 
data from various countries in our previous work (Menon, Ruel, and Morris 2000; Ruel 
and Menon 2002). The variables available in the Ethiopia data set were source of 
drinking water; type of sanitation facility; availability of electricity; ownership of durable 
goods, cropland, livestock, and house; cash crop production; transportation (bicycle, 
car/truck); house construction material; and crowding (number of household members per 
sleeping room). 
Factor analysis was used in the present work as a data reduction tool, with the aim 
of combining the information from a variety of highly correlated indicators of 
socioeconomic status (SES) into a small number of factors. We were therefore looking to 
maximize the proportion of common variation among the variables that could be 
explained by the factors. The analysis was carried out separately for the urban and rural 
sample, because the characteristics that define wealth are expected to differ between 
urban and rural areas.    13
Two factors were identified in both urban and rural areas. In urban areas, they 
explained 59 percent of the variation in the variables included, and in rural areas, they 
explained 53 percent of the variance. The selection criterion for inclusion of individual 
variables in the final factors was that factor loadings (defined as the correlation between 
the individual variable and the factor) had a value greater than 0.5 for at least one of the 
two factors. 
The variables included in the final factors were the following. 
Urban 
o  Source of drinking water 
o  Toilet facility 
o  Sum of all durable goods (yes/no for each)
9 
o  Sum of land/livestock owned (yes/no for each) 
o  Main floor material 
o  Main roof material 
Rural 
o  Sum of all durable goods 
o  Ownership of cattle or camels 
o  Ownership of horses, mules, or donkeys 
o  Ownership of sheep or goats 
o  Number of household members per sleeping room 
Analytical Methodology 
All bivariate and multivariate statistical tests were performed using Stata (version 
7). Stata allows specification of sample design and can provide appropriate statistical 
tests, given the stratified cluster sample design of the survey. The statistical significance 
                                                 
9 No data are available on the quantity of goods, land, or livestock owned; the data are coded yes or no for 
each item.   14
of differences between means was tested using t-tests (for two group comparisons) and an 
adjusted Wald test for joint hypothesis testing (for comparisons of three or more groups) 
(StataCorp 2001 210 /id). The chi-square test was used to test differences in proportions. 
P-values smaller than 0.05 were considered statistically significant.  
In the multivariate analyses, the dependent variable was HAZ. The independent 
variables were the ICFI and a series of child, maternal, and household characteristics that 
are known to be associated with child nutritional status. These included 
Child level: age and gender; 
Maternal level: maternal age, height, body mass index, education (years of 
schooling), parity, number of prenatal visits attended (0, 1￿3, 4+); 
Household level: socioeconomic factors (1 and 2: each factor was categorized into 
terciles), education of the mother￿s partner, number of children less 
than five years of age, area of residence (urban/rural). 
The ICFI was included in the model as a categorical variable (three categories: 
lowest, average, and highest tercile).  
The multivariate analysis also tested all two-way interactions between the ICFI 
and the child, maternal, and household variables included in the model. The purpose was 
to determine whether the magnitude of association between the ICFI and the other factors 
included in the model differed according to the level of these characteristics. Adjusted 
mean HAZ scores were computed to obtain mean HAZ by ICFI tercile, after adjusting by 
multivariate analysis for child age, maternal characteristics, and household 
socioeconomic factors.   15
One potential limitation of our multiple regression analyses is that the infant and 
child feeding practices may be endogenous to the model, i.e., they may be determined by 
a set of factors that also determine the outcome. For example, maternal education and 
household socioeconomic status are likely to influence both feeding practices and 
children￿s nutritional status. Failure to control for endogeneity leads to biased coefficient 
estimates (Judge et al. 1985).  
One common approach to address issues of endogeneity is the use of instrumental 
variables (using predicted, as opposed to observed, values of a variable) and two-stage 
least squares methods. To use this approach, it is necessary to identify at least one 
variable (determinant) that is associated with the endogenous variable being predicted in 
the first stage of the equation (the instrumental variable￿in this case, feeding practices), 
but that is not associated with the outcome (HAZ). None of the variables available in the 
DHS data sets meets this criterion. For this reason, the potential problem of endogeneity 
was not addressed in this analysis. Additional research is required to identify potential 
instruments that could be used to predict infant and child feeding practices and to address 
the problem of endogeneity of this variable in modeling the determinants of nutritional 
status. 
Finally, to simulate the responsiveness of the ICFI score to varying levels of 
change in component indicators, a spreadsheet was constructed. Using summary statistics 
for each component indicator (e.g., percent still breastfeeding in each age group, percent 
scoring 0, 1, 2, or 3 for frequency of feeding in each age group, etc.) and using 
spreadsheet formulas, the ICFI was calculated for a number of different scenarios. Levels   16
of change in component indicators were varied between scenarios (see the Appendix for 
more information on the method used for simulations). 
 
3. Characteristics of the Sample 
Maternal and Sociodemographic Characteristics 
Table 2 presents key descriptive maternal and household statistics of the sample. 
With the exception of maternal height and household size, urban and rural households 
vary substantially on almost all basic characteristics. Differences in maternal education 
are particularly striking and are relevant to childcare and feeding: 38 percent of urban 
women report no education as compared to 84 percent of rural women; conversely, 40 
percent of urban women report at least some secondary education as compared to only 2 
percent of rural women.  
Access to health care, as proxied by the number of antenatal visits during the last 
pregnancy, also varies widely between urban and rural women, as do sanitary conditions. 
More than three-fourths of rural women report no prenatal visits for the last pregnancy, as 
compared to one-third of the urban women. Most urban women (81 percent) report 
having access to piped water, while only 6 percent of rural women do. Similarly, most 
urban women (69 percent) report having access to a latrine or toilet, while only 9 percent 
of rural women do. Ownership of durable goods and better housing materials are more 
common among urban households, while ownership of livestock and homes are much 
more common among rural households.   17
Table 2: Selected maternal and household characteristics in the Ethiopia DHS 2000
a 
  Urban 
(n = 712) 
Rural 
(n = 3,912) 
All 
(n = 4,624) 
Mother￿s age (mean)  28  29  29 
Parity  (mean)  3.2 4.2 4.1 
Height  (mean)  157.0 156.4 156.5 
BMI category (percent) 
 Very low (< 17.0) 
 Low (17.0 to < 18.5) 
 Normal (18.5 to < 25) 
 High (25.0+) 
 
5 
15 
70 
10 
 
5 
18 
75 
1 
 
5 
18 
74 
3 
Mother￿s education (percent) 
 None 
 Some primary 
 Some secondary 
 
38 
22 
40 
 
84 
13 
2 
 
76 
15 
9 
Number of antenatal visits during last pregnancy:  
 Percent with no antenatal visits 
 Percent with four or more visits 
 
33 
50 
 
78 
6 
 
70 
14 
Mean household size  5.9  6.0  5.9 
Percent of households with more than one child under 5  52  64  62 
Percent female-headed households  23  12  14 
Partner￿s occupation (percent) 
 Agriculture/unskilled labor 
 Sales/services/skilled labor 
 Professional/technical/managerial/clerical 
 
17 
61 
21 
 
92 
7 
1 
 
79 
16 
5 
Main source of water (percent) 
 Surface/rain 
 Well/spring 
 Piped  
 
8 
11 
81 
 
37 
58 
6 
 
32 
49 
19 
Sanitary facilities (percent) 
 None 
 Latrine 
 Flush toilet 
 
31 
67 
2 
 
91 
9 
0 
 
81 
19 
0.4 
Percent with electricity  76  0  14 
Percent owning: 
 Radio 
 Kerosene lamp 
 Bed or table 
 Bicycle 
 Own house 
 
69 
18 
89 
4 
48 
 
14 
9 
45 
0 
98 
 
24 
11 
52 
1 
89 
Percent owning: 
 Cattle or camels 
 Horse, mule, donkey 
 Sheep or goats  
 
26 
7 
16 
 
80 
32 
41 
 
71 
27 
36 
Main floor material is earth/sand/dung/wood/reed (percent)  67  98  93 
Main roof material is mud, thatch, reed, bamboo, plastic, or temporary 
(mobile) (percent) 
 
13 
 
87 
 
74 
Mean number of people per sleeping room (crowding)  4.4  5.0  4.9 
a With the exception of maternal height and household size, which did not differ significantly, all urban-rural 
differences are statistically significant at p < .01 (t-tests for means and chi-square tests for proportions).   18
Child Nutritional Status 
Figures 1 and 2 present mean Z-score values for children￿s anthropometric 
indicators (weight-for-age [WAZ], height-for-age [HAZ], and weight-for-height [WHZ]), 
for rural and urban areas, respectively. The patterns observed are typical of most 
developing countries, especially among rural children: mean HAZ and WAZ decline 
almost linearly from birth to 18￿24 months of age, and plateau at low levels thereafter. 
Urban children are generally better-off, but their growth also falters, especially after 6 
months of age and until approximately 24 months. WHZ averages ￿0.5 throughout the 
age range in urban areas; in rural areas it declines gradually from birth until 24 months, to 
reach a mean Z-score lower than ￿1.0, before increasing slightly among the oldest 
children. 
As expected, the prevalence of stunting, underweight, and wasting is markedly 
higher in rural areas; 46 percent of rural children under 3 years are stunted (compared to 
29 percent of urban children), and 13 percent are wasted (compared to 6 percent in urban 
areas).
10 Ethiopia ranks third of 18 countries in Africa (analysis of DHS data sets [Ruel 
2001]) for the prevalence of stunting, after Madagascar and Zambia, and is at the same 
level as some of the poorest countries of Asia, such as Bangladesh and Nepal. Similarly, 
the rates of wasting in rural Ethiopia are among the highest in Africa and are similar to 
those found in Niger and Benin (Ruel 2001). Clearly, childhood malnutrition is a severe 
problem in Ethiopia. 
                                                 
10 Stunting, underweight, and wasting are defined by Z-scores <  ￿2.00 (for HAZ, WAZ, and WHZ, 
respectively).   19
Figure 1: Mean Z-scores, by age group: Rural children (Ethiopia DHS 2000) 
 
Figure 2: Mean Z-scores, by age group: Urban children (Ethiopia DHS 2000) 
 
Infant and Child Feeding Practices 
Breastfeeding is nearly universal throughout the first year of life for both urban 
and rural children. In the second and third years of life, breastfeeding rates decline, and 
they decline more rapidly in urban areas. However, rates remain high overall through the 
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second year. Rates of exclusive breastfeeding are also relatively high; mothers reported 
that half of the rural children and one-third of the urban children aged 0￿6 months 
received breast milk only in the previous 24 hours.  
While breastfeeding patterns are favorable, several other infant and child feeding 
practices are less optimal. For example, bottle-feeding is widespread, especially in urban 
areas (40 percent among infants under 12 months), and complementary feeding is often 
delayed beyond the recommended age of 6 months in both urban and rural areas. The 24-
hour recall data indicate that 62 percent of children aged 6￿9 months, and 25 percent of 
children aged 9￿12 months, had not received any semisolid or solid foods in the previous 
day. The extent of this problem is further demonstrated by the seven-day recall data, 
which show that 56 percent of the younger (6￿9 month) and 23 percent of the older (9￿12 
month) infants received no solid/semisolid foods in the last week. Average frequency of 
feeding solid or semisolid foods during the previous day also tended to be low compared 
to recommendations￿on average, less than twice for 9￿12-month-old infants, less than 
three times for 12￿24-month-old children, and less than four times for the older age 
group.
11 Similar patterns are observed in both urban and rural areas (Figure 3). 
Dietary diversity also tends to be low, but significantly more so in rural compared 
to urban areas (Figure 4). Rural children consistently received a smaller mean number of 
foods/food groups in the previous day compared to urban children, and the differences 
                                                 
11 As indicated in Section 2, current recommendations indicate that complementary foods should be given 
2￿3 times for infants 6￿9 months of age, 3￿4 times for infants 9￿12 months of age, and 4￿5 times for 
children 12￿24 months of age (assuming an average energy density of 0.6￿1.0 kcal/g) (Dewey 2002).   21
Figure 3: Mean number of times the child was fed solids/semisolids the previous 
day, by age group and area of residence (Ethiopia DHS 2000) 
 
 
 
 
 
 
 
Figure 4: Mean number of different food groups fed to the child the previous day, 
by age group and area of residence (Ethiopia DHS 2000) 
 
 
 
 
 
 
 
were significant among children 12 months and over (p < .001) (Figure 4). The food 
groups that appeared to account for this urban-rural difference in diversity are the high-
quality (i.e., energy- and nutrient-dense) groups such as animal protein foods, vitamin A-
rich and other fruits and vegetables, and foods cooked with fats and oil (p < .01 for each 
of these groups) (Figure 5). 
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Figure 5: Types of foods given to 12-36-month-old children in the past seven days, 
by area of residence (Ethiopia DHS 2000) 
 
 
 
 
 
 
 
 
 
4. Are Infant and Child Feeding Practices Associated With 
Nutritional Status in Ethiopia? 
Figure 6 shows the bivariate relationship between mean HAZ and the ICFI 
terciles for children aged 12￿36 months in urban and rural areas. The association between 
HAZ and ICFI terciles is significant only among rural children. Among this group, the 
association is statistically significant (p < 0.001), linear, and shows a difference of 
approximately 0.43 Z-scores between the lowest and the highest ICFI tercile. The size of 
the difference is within the range observed in the analysis of the Latin American DHS 
data (Ruel and Menon 2002) and is biologically meaningful.
12  
                                                 
12 Differences in HAZ scores of this size have been associated with both short- and long-term functional 
outcomes, especially cognitive development, fulfillment of intellectual potential, work capacity, and 
reproductive performance. The differences are therefore considered biologically meaningful, or of 
functional significance (Martorell and Scrimshaw 1995). 
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Figure 6: Mean HAZ by ICFI tercile and area of residence (Ethiopia DHS 2000) 
(children 12￿36 months) 
 
 
 
 
 
 
 
 
Similar results were found when examining the association between ICFI terciles 
and the prevalence of stunting￿no association was found in urban areas and a 
statistically significant difference of 12 percentage points was found in rural areas. 
Results of the multivariate analysis confirm the statistically significant association 
between the ICFI and HAZ after controlling for a series of potentially confounding 
factors. Table 3 presents the regression coefficients and their statistical significance, and 
Table 4 summarizes these findings and shows results of analyses done separately for 
urban and rural areas. The joint test to determine whether the two dummy variables 
representing the ICFI are statistically significant confirms that the association is highly 
significant (p = 0.00) in the overall model (Table 3). Not surprisingly, when models were 
run separately for urban and rural areas, the ICFI was statistically significant only in the 
rural model (Table 4). This finding is in line with results of bivariate analyses, which 
showed no association between the ICFI and child anthropometry in urban areas.  
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Table 3: Ordinary least squares regression analysis of the determinants of HAZ 
among children aged 12￿36 months (Ethiopia DHS 2000) 
Independent variable  Regression coefficient  P value 
Child age (18￿24)  ￿0.32
a  0.00 
Child age (24￿30)  ￿0.12  0.24 
Child age (30￿36)  ￿0.29  0.00 
Child gender  ￿0.09  0.27 
Mother￿s age  0.33  0.02 
Mother￿s height  0.04  0.00 
Mother￿s body mass index  0.04  0.07 
Mother￿s education   0.04  0.11 
Mother￿s partner￿s education  0.03  0.04 
Parity 0.00  0.81 
Attended 1￿3 prenatal visits  ￿0.15  0.08 
Attended 4+ prenatal visits   0.11  0.41 
ICFI (2
nd Tercile)  0.10
a  0.19 
ICFI (3
rd Tercile)  0.28  0.00 
Socioeconomic factor 1 (2
nd tercile)  0.20
a  0.02 
Socioeconomic factor 1 (3
rd tercile)  0.20  0.02 
Socioeconomic factor 2 (2
nd tercile)  0.09  0.26 
Socioeconomic factor 2 (3
rd tercile)  0.17  0.08 
Number of children < 5 y  ￿0.21  0.00 
Area of residence (urban/rural)  ￿0.12  0.45 
Constant ￿9.89  0.00 
N 3056   
Number of strata  21   
Number of principal sampling units  525   
F 10.31   
R-square 0.12   
Note: Bolded coefficients are statistically significant (p< 0.05). 
a Joint test for main effect is statistically significant.  
 
Table 4: Ordinary least squares regressions: Summary of significant factors in 
urban and rural models
a 
  Urban Rural  All 
Child age   ￿  ￿ 
Child sex      
Maternal age   +  + 
Maternal height   +  + 
Maternal BMI      
Parity      
Number of children under 5 years in household   ￿  ￿ 
Maternal education      
Partner￿s education  +   + 
Number of antenatal care visits      
ICFI    +  + 
Socioeconomic (SES) factors   +  + 
a The ￿+￿ indicates a positive regression coefficient, statistically significant (p < 0.05), and the ￿￿￿ indicates a negative, 
statistically significant regression coefficient. An empty cell means that the variable was not statistically significant. 
Note that the p-value for the SES factors in the urban model was 0.0510. 
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The mean HAZ, adjusted for child age, maternal age, height, body mass index, 
education, parity, and household socioeconomic factors, show that the magnitude of 
difference between the lowest and the highest tercile of the ICFI is similar to the size of 
the difference found in the bivariate analyses, although slightly reduced. The bivariate 
analyses (urban/rural combined) showed a difference in HAZ of 0.46 Z-scores between 
12￿36-month-old children in the lowest, compared to the highest tercile of the ICFI. The 
multivariate analysis showed a slightly attenuated difference of 0.35 Z-scores. This 
suggests that at least some of the difference in HAZ found in the bivariate analysis 
between ICFI terciles was due to the maternal and household sociodemographic factors 
included in the model. 
None of the two-way interactions between the ICFI and the child, maternal, and 
household variables included in the model were statistically significant. It thus appears 
that the magnitude of differences in HAZ between feeding terciles is not conditioned by 
the level of any of the child, maternal, and household factors tested.  
The other factors that were found to be statistically significantly associated with 
HAZ in the overall model (Table 4) were child age, maternal age and height, education of 
the mother￿s partner, household socioeconomic factors, and the number of children in the 
household younger than 5 years. These characteristics are typically found to be 
statistically significant in similar analyses of the determinants of child nutritional status 
(Ruel and Menon 2002). Child gender, maternal education, maternal parity, BMI, 
prenatal visits (as a proxy for health care access), and area of residence were not 
statistically significantly associated with HAZ. The lack of statistical significance of   26
￿area of residence￿ was somewhat unexpected, because large differences were found in 
nutritional status between urban and rural areas of this country. This suggests that a 
significant proportion of urban-rural differences can probably be explained by the 
variables that were included in the model, such as feeding practices and socioeconomic 
factors. 
 
5. Which Practices Drive the Association Between the ICFI and HAZ? 
In this section, we ￿decompose￿ the index and examine the relationship between 
each component of the index and HAZ. Our purpose in doing so is to gain insight into the 
following questions: 
1.  Which individual practices are driving the relationship between ICFI scores 
and HAZ? 
2.  Could the index be simplified by reducing the number of variables (e.g., by 
dropping variables that may provide redundant information)?  
An additional objective of the decomposition exercise was to gain insight into 
why the ICFI was not associated with child nutritional status in the urban subsample. 
To answer these questions, we examined relationships between mean HAZ and 
the following individual feeding practices: 
   Whether the child is still breastfed, 
   Whether bottle was used in the last 24 hours,   27
   Number of food groups the child consumed yesterday (eight possible food 
groups), 
   Twenty-four hour diversity score (three categories; see Table 1), 
   Number of food groups consumed in the past seven days (eight possible food 
groups), 
   Seven-day quasi-food frequency score (three categories; see Table 1), 
   Number of times fed solids/semisolids yesterday, 
   Feeding frequency score (three categories; see Table 1). 
Each of these components was considered for children 12￿36 months, for urban 
and rural children separately, and also for each age group separately. Results for children 
aged 6￿12 months were examined but are not presented here.
13 
 
Breastfeeding 
Continued breastfeeding, which is universally considered a positive practice up to 
24 months and beyond, is negatively associated with HAZ for children aged 12￿36 
months in the Ethiopia DHS sample (p < 0.001). Negative relationships between 
breastfeeding and Z-scores have been documented before (Brown, Dewey, and Allen 
                                                 
13 Results for infants 6￿12 months are not presented for several reasons; in the case of breastfeeding, only 
15/812 infants in this age group were not breastfed. In the case of the 24-hour and seven-day diversity 
variables, we chose to focus on the older children because both HAZ and dietary diversity are strongly 
linked to age. Infants aged 6￿12 months may be on the path to severe stunting, but because stunting is a 
cumulative process, it takes time before mean HAZ reflects this process. Because of this, mean HAZ of 
infants 6￿12 months is generally higher than mean HAZ for older children. At the same time, diversity will 
always be lowest for this age group, because mothers are just beginning to introduce solid/semisolid food. 
Therefore including infants with the older children will tend to diminish an association between diversity 
and HAZ, because of confounding by age. A focus on children 12￿36 months makes the issue of age 
confounding less problematic. However, within the 6￿12-month group, results followed similar patterns; 
i.e., higher HAZ was associated with bottle use, and with higher diversity. Frequency of feeding was not 
significantly associated with HAZ in this age group.   28
1998), and there may be a number of possible explanations. The relationship may be 
confounded by socioeconomic status (not breastfeeding is often associated with higher 
socioeconomic status in developing countries). An alternative explanation is reverse 
causality, i.e., that continued breastfeeding may be a maternal response to meet the needs 
of smaller, weaker children (Marquis et al. 1997). 
Table 5 shows the size of the difference in HAZ observed in the Ethiopia sample. 
The difference in favor of non-breastfed children in HAZ is particularly pronounced in 
urban areas, reaching 0.8 Z-scores (p < 0.01). The 0.3 Z-score difference in rural areas is 
also significant (p < 0.01). Either confounding by socioeconomic status, and/or reverse 
causality, are possible explanations for these associations. 
 
Table 5: Mean HAZ and mean age in months, by breastfeeding status among 
children aged 12-36 months (Ethiopia DHS 2000) 
 
Urban 
(n = 477) 
Rural 
(n = 2,651) 
All 
(n = 3,128) 
Still breastfed?  HAZ 
Age 
(months) HAZ 
Age 
(months) HAZ 
Age 
(months) 
Yes  ￿2.01  20.4  ￿2.40  21.0   ￿2.34  20.9  
No ￿1.20  26.7  ￿2.10  28.1  ￿1.88  27.7 
 
Breastfeeding status was significantly associated with maternal education and 
with SES. Mothers who were not breastfeeding had more education (a mean of 1.7 years 
versus a mean of 1.1 years among breastfeeding mothers, p < .001) but the differences in 
education were not large (the sample was largely rural, and 84 percent of rural women 
had no education). Higher SES factor scores were also significantly associated with not 
breastfeeding.   29
The negative association between breastfeeding and HAZ provides a piece of the 
explanation as to why the ICFI does not relate to HAZ among urban children. Urban 
children are more likely to be weaned (43 percent of children over 12￿36 months, 
compared to 29 percent of rural children), and thus receive a lower breastfeeding score 
and a lower ICFI score. Yet, they are likely to be better nourished because of higher 
maternal education, better socioeconomic conditions, and greater access to services. It is 
well recognized that the detrimental effects of poor breastfeeding practices may be less 
pronounced among households living in more sanitary conditions, as is the case in 
developed countries.  
 
Bottle Use 
Findings regarding bottle use provide an additional explanation for the lack of 
association between ICFI scores and children￿s height-for-age in urban areas. Table 6 
shows results for children aged 12￿36 months. In urban areas, 13 percent of the children 
aged 12￿36 months were bottle-fed the previous day; 3 percent of rural children in this 
age group were bottle-fed the previous day. 
 
Table 6: Mean HAZ, by use of bottle among children aged 12￿36 months (Ethiopia 
DHS 2000) 
Bottle used? 
Urban 
(n = 477) 
Rural 
(n = 2,651) 
All 
(n = 3,128) 
  Yes  ￿1.06 ￿2.27 ￿1.69 
  No  ￿1.75 ￿2.32 ￿2.22 
   30
As with breastfeeding, a negative practice (bottle use) is strongly associated with 
higher HAZ among urban children (p < 0.05). Note that there is no association between 
bottle use and HAZ among rural children in this age group. However, only 3 percent of 
rural children in this age group were fed by bottle the previous day. As is also the case 
with earlier weaning, bottle use is generally associated with higher socioeconomic status; 
better socioeconomic status appears to be the most likely explanation for the higher Z-
scores associated with bottle use in urban areas.  
In this sample, bottle use was significantly associated with education and SES 
factor scores in both urban and rural areas (p < .001 for all children 12￿36 months). As 
noted above, however, in rural areas 84 percent of women had no education, and bottle 
use was also more rare. 
 
Dietary Diversity￿24-Hour and Seven-Day Recalls 
In assessing associations between dietary diversity and HAZ, four indicator 
variables were examined: 
1.  Number of food groups consumed in the previous 24 hours, 
2.  24-hour diversity score, 
3.  Number of food groups consumed in the previous seven days, 
4.  Seven-day quasi-food frequency score.   31
Dietary diversity is very strongly and positively associated with HAZ, regardless 
of which indicator is used. In the EDHS, 24-hour and seven-day diversity are very 
strongly correlated.
14 Consistent with this, associations between various diversity 
indicators and nutritional status indicators follow very similar patterns. For simplicity, 
Figure 7 shows the relationship between HAZ and a seven-day indicator (number of food 
groups in the last week) for rural children. 
 
Figure 7: Mean HAZ for rural children aged 12￿36 months, by number of food 
groups eaten in the previous week (Ethiopia DHS 2000) 
 
The difference in mean Z-scores between the extreme groups￿children 
consuming no food groups as compared to 7+ in the previous week￿is very large, at 
                                                 
14 The 24-hour and seven-day recalls proved to be very consistent in the case of Ethiopia. As expected, 
higher proportions of children ate any given food group in the last week than in the last 24 hours. But the 
proportion of children reported to eat each food group on the 24-hour recall came very close to the 
proportion eating each food group three or more out of the last seven days (differences of 1￿3 percent). 
Thus the 24-hour recall reflected patterns of intake over the last week very well. In addition, diversity 
scores constructed from the 24-hour and seven-day recalls were very strongly correlated with each other 
(data not shown; see Arimond and Ruel 2002). 
Number of food groups eaten in previous 7-days 
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approximately 1.2 Z-scores. When the terciles of the quasi-food frequency score derived 
to create the ICFI are used (see Table 1), the difference in mean Z-scores between the 
lowest and highest tercile groups is still large and significant, at 0.64 Z-score units 
(p < 0.001). 
Findings for urban children are not shown in Figure 7, because there were too few 
urban children in each category to give reliable results. Even the seven-day quasi-food 
frequency score (which had only three categories) had too few children in the two lowest 
terciles. Thus, for this analysis, the two lower categories of the seven-day quasi-food 
frequency score were combined (scores 0￿1) and compared to the highest score (+2). 
Among urban children aged 12￿36 months scoring 0 or 1, the average HAZ was ￿2.05, 
compared to ￿1.47 among the children scoring +2 (a difference of 0.58, very similar to 
the difference of 0.64 units observed among rural children).  
In summary, among both rural and urban children￿irrespective of the indicator 
of dietary diversity used￿there is a strong and positive association between dietary 
diversity and HAZ. It appears that this association may account in large part for the 
association between the ICFI scores and HAZ, particularly since diversity is scored twice 
(for the 24-hour and seven-day recall). 
One possible explanation for the strong association between dietary diversity and 
HAZ is that dietary diversity may act as a proxy for socioeconomic status. In other 
words, it may be that children with more diverse diets are from wealthier homes and have 
better nutritional status for reasons other than dietary diversity. In order to verify this 
hypothesis, we tested whether the association between dietary diversity and HAZ 
   33
HAZ 
remained after statistically controlling for the same range of potentially confounding 
factors as we examined in Section 4 for the ICFI. The relationship remains very strong 
and significant when either 24-hour diversity or seven-day diversity is considered. In 
addition, as one would expect from the findings illustrated in Figure 7, the relationship 
between diversity and HAZ is stronger than the relationship between the ICFI and HAZ. 
For children aged 12￿36 months, the difference in adjusted mean HAZ between the 
lowest and highest diversity terciles is very large, at 0.7 Z-scores (Figure 8). 
 
Figure 8: Association between 24-hour dietary diversity (number of food groups) 
and HAZ (adjusted means) among children aged 12￿36 months (Ethiopia 
DHS 2000)  
 
 
 
 
 
 
 
 
The final component of the index to be considered, frequency of feeding, may 
also contribute to the association, but not as strongly as the diversity indicators, as shown 
below. 
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Frequency of Feeding Solids and Semisolid Foods 
Because similar patterns were seen among rural and urban children, Figure 9 
presents the association between frequency of feeding and HAZ for all children (urban 
and rural) aged 12￿36 months. 
 
Figure 9: Mean height-for-age for children aged 12￿36 months, by frequency of 
feeding solids/semisolids yesterday (Ethiopia DHS 2000) 
 
The difference in mean HAZ between the extreme groups is approximately 0.8 
Z-scores when the eight categories are used (Figure 9). When the responses are grouped 
in four categories (reflecting scores of 0￿3 for frequency of feeding, see Table 1), the 
difference between extremes is 0.4 Z-scores. The association is strong, and the size of the 
difference is once again of statistical and biological significance, though it is not as large 
as the difference observed for the extremes of diversity variables. Also, Figure 9 shows 
that the pattern of increase in HAZ with frequency of feeding is not entirely consistent 
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and linear. The suggestion of a decline in HAZ at frequencies above 4 or 5 was observed 
in a number of the subsets of the data we examined. It may reflect a situation where sick 
children or children with less appetite￿and possibly poorer nutritional status￿are fed 
more often as a compensatory maternal behavior. Alternatively, excessive feeding 
frequency may displace breast milk intake and have a negative effect on growth (Brown, 
Dewey, and Allen 1998); however, this is much more likely to be an issue for infants less 
than 12 months than for children 12￿36 months. 
 
Summary of ￿Decomposition￿ Exercise 
Dietary diversity is clearly driving the association between the ICFI and 
children￿s HAZ. The diversity variables show the strongest relationship with height-for-
age, and diversity is counted twice in the index (once by the 24-hour diversity score and 
once by the seven-day quasi-food frequency score). Multivariate analyses confirmed that 
the association between dietary diversity and HAZ remains when sociodemographic 
factors are controlled for. Frequency of feeding is also significantly and positively 
associated with HAZ. Balanced against these strong positive relationships are the 
negative relationships between good practices and HAZ, which are observed in the case 
of breastfeeding and avoidance of bottle-feeding. 
Our analysis also showed that the relationship between diversity indicators and 
child nutritional status is very similar whether 24-hour data or seven-day data are used. 
The index could thus be simplified by including one, rather than both, of the sets of recall 
data.    36
Finally, the decomposition exercise also sheds light on the lack of association 
between the ICFI and child nutritional status in urban areas. The prevalence of two 
negative practices￿lack of continued breastfeeding and bottle use￿are each much 
higher in urban areas. These negative practices lower ICFI scores for urban women, yet 
children in urban areas have, on average, higher Z-scores. Diversity scores are positively 
associated with Z-scores in both urban and rural areas, but for urban children these 
positive associations are apparently balanced against the negative associations just 
described. 
 
6. For Which Purposes Is the ICFI Most Likely To Be Useful? 
Summary indicators such as the ICFI may be useful for international comparisons 
of the adequacy of infant and child feeding practices; summarizing information from 
different practices into one variable, which can then be used for research and analysis, or 
for communication and advocacy; and monitoring progress and evaluating the impact of 
programs and policies. The potential usefulness and the strengths and limitations of the 
ICFI for each of these purposes are reviewed below. 
 
For International Comparisons 
At this time, the lack of clear and specific international recommendations for 
several dimensions of infant and child feeding constrains efforts to construct an index 
that could be used universally. In particular, in the absence of any recommendation on   37
appropriate or optimal diversity over 24 hours or seven days, cutoff points that define 
adequacy are not available. In the absence of such recommendations, the method used in 
the analysis reported here involved deriving sample-specific terciles of food group 
diversity.  
For programs, this approach has the advantage of defining ￿high￿ diversity at a 
level that is clearly achievable for a significant proportion of the population (in contrast 
to a theoretical, but perhaps unachievable, ideal). However, from the standpoint of 
developing an index useful for international comparisons, reliance on population-specific 
distributions for one or more variables included in the index is inappropriate. In order to 
use the index for international comparisons, standard cutoff points defining ￿low,￿ 
￿average,￿ and ￿high￿ ICFI would need to be used consistently across countries. Until 
recommendations exist for adequate or optimal food group diversity, there is no basis for 
defining internationally appropriate cutoff points, and selection of cutoff points will 
remain arbitrary. 
 
For Research, Communication, and Advocacy 
Our experience with analysis of DHS data sets both from Latin America and from 
Ethiopia confirms the usefulness of the ICFI as a tool for research, communication, and 
advocacy. The index summarizes information on feeding practices and can be used to 
illustrate the strength and magnitude of associations between feeding practices and child 
outcomes. This makes the index a potentially valuable advocacy tool, which can be used 
to communicate the importance of complementary feeding practices to policymakers.    38
For Monitoring and Evaluation 
Programs promoting changes in specific infant and child feeding practices should 
always evaluate impact on the individual targeted behaviors as a first step. In addition, 
some program managers may be interested in evaluating the overall impact of their 
program on feeding practices and may therefore be interested in assessing change in a 
summary measure of these practices. For summary indicators to be useful for this 
purpose, they must be relatively simple to compute, and responsive to changes in the 
individual practices (e.g., continued breastfeeding, bottle use, etc.). 
In the context of monitoring, indicators generally must be very simple so that staff 
can rapidly gather, summarize, and interpret information. Even in simplified form, the 
ICFI does not meet this requirement. In the context of evaluation, the simplified ICFI￿
using only the 24-hour data￿may be considered useful. Data for breastfeeding, bottle 
use, and frequency of feeding are relatively simple to collect, code, and use in index 
construction. Data from 24-hour food group recalls require more work for variable 
construction (the diversity indicator) but are still relatively easy to use. 
To test whether the ICFI derived from the Ethiopia DHS was responsive to 
changes in its individual components, we carried out a simulation exercise, summarized 
below. 
Simulations to Test Responsiveness of the Infant and Child Feeding Index to Varying 
Levels of Change in Components 
The methodology used for the simulations is presented in the Appendix. Briefly, 
the method consisted of setting up a spreadsheet with hypothetical baseline values for the   39
different components of the index, simulating different levels of changes in the various 
components, and observing the resulting level of change in the index. Both low and high 
impact scenarios were simulated￿low impact referred to changes in individual practices 
ranging from 5￿10 percentage points, and high impact to changes of 10￿25 percentage 
points. The size of the changes estimated for low and high impact reflects the range of 
actual changes reported from PVO projects (data from P. Harrigan and A. Swindale, 
FANTA project). An additional scenario was simulated, which included a change of 5 
percentage points in each practice. A summary of the findings of the simulation exercise 
is presented in Table 7.  
 
Table 7: Changes in mean ICFI score for a range of hypothetical scenarios
a 
  Level of impact   
  Continued 
breastfeeding 
Bottle 
use 
Frequency 
of feeding
Food group 
diversity 
Mean 
CFI 
score 
Difference 
from 
baseline 
% 
difference 
Baseline ￿  ￿  ￿  ￿  4.36     
Scenario 1  Low  Low  Low  Low  4.95  0.59  14 
Scenario 2  High  High  High  High  5.37  1.01  23 
Scenario 3  Low  Low  None  None  4.54  0.18  4 
Scenario 4  High  High  None  None  4.62  0.26  6 
Scenario 5  High  High  Low  Low  5.03  0.67  15 
Scenario 6  High  High  High  None  4.97  0.61  14 
Scenario 7  Low  Low  High  High  5.28  0.92  21 
Scenario 8  5%  5%  5%  5%  4.57  0.21  5 
a The mean CFI scores here are out of a possible range of 0-7, as the CFI used for these simulations was a 
simplified version that excluded the seven-day diversity scores. The simplified version was chosen 
because, as noted above, 24-hour and seven-day diversity were very strongly correlated. Versions of the 
CFI that included only 24-hour data, only seven-day data, and both were all very strongly correlated as 
well (see Arimond and Ruel 2002). 
 
As expected, the highest change in mean ICFI scores was achieved from the high 
impact scenario where a high impact on all four targeted behaviors was simulated. The 
lowest impact was achieved in Scenario 3, which simulated a program with low impact   40
on breastfeeding and bottle use and no impact on feeding frequency and dietary diversity. 
The range of changes in mean ICFI scores under the various scenarios was from 0.18 to 
1.01, or differences from baseline ranging from 4 to 23 percent.  
Table 7 clearly highlights the fact that differences in the magnitude of impact of 
the program on different practices affect the responsiveness of the index. For example, in 
Scenario 5, a high impact on breastfeeding and bottle use coupled with a low impact on 
feeding frequency and diversity yields a change in mean ICFI score of 0.67 points (a 15 
percent change). In the ￿opposite￿ scenario (7), i.e., a low impact on breastfeeding and 
bottle use and a high impact on frequency and diversity, a larger change in ICFI is 
achieved (0.92 points, or 21 percent change from baseline).  
Thus, although both scenarios simulated a low impact on two of the components 
and a high impact on the other two components, they resulted in a different magnitude of 
effect on the mean ICFI. This is because the level of change achievable in any given 
practice will depend both on the baseline level (e.g., if 95 percent of women practice 
continued breastfeeding, little change should be expected) and on the difficulty in making 
change in a given practice. In our hypothetical example, baseline prevalence of bottle-
feeding was set at 5 percent for children 12￿36 months (see the Appendix); therefore 
even in a high impact scenario, little change can occur in the bottle use score (maximum 
potential decrease of 5 percent). This also illustrates the fact that if geographic or project 
areas differ with respect to baseline levels of individual component indicators, 
comparisons between changes in the ICFI achieved over time will not be fair.   41
Scenario 8 provides an interesting mathematical illustration of how changes in 
individual practices translate into changes in the mean index score. This scenario 
simulated a hypothetical case where changes were equal across practices (a 5 percentage-
point change). The resulting change in the ICFI was exactly 5 percentage points, 
reflecting exactly the change simulated for each individual practice. Thus, these 
simulations show that the percentage change in the ICFI score compared to baseline 
levels accurately reflects an averaging of the changes in individual practices.  
 
Conclusions About the Potential Usefulness of the ICFI for Program Evaluation 
From these simulations, we conclude that the ICFI may be useful in a program 
context when 
   Programs are designed to change most or all component practices. As shown in 
the simulations, even if a program has a high impact on some practices, if no 
impact is achieved on some of the practices (see, e.g., Scenario 4), the magnitude 
of change in the overall summary index will be small and thus will obscure the 
program impact on those practices that did improve.  
   Program managers are interested in a summary statistic that reflects overall 
progress toward improving feeding practices. It is important to remember that the 
index can only represent an average summary of the changes in the individual 
practices. Therefore, the index will be useful only in situations where average   42
change is of interest as a global indicator of progress toward meeting development 
goals. 
The ICFI, on the other hand, is not useful for programs when 
•  Comparisons are needed between programs￿or geographic areas￿with 
differing baseline levels for individual practices. We have shown that the 
sensitivity of the index to changes is highly dependent on initial baseline levels of 
the individual variables. Thus, comparisons between programs with differing 
baseline levels are inappropriate. 
•  Some practices included in the index are not targeted (or affected) by the 
program. In these situations, lack of change in one or more practices will obscure 
successes in changing other practices. 
 
7. Lessons Learned and Research Needs  
Our previous work with data from the DHS surveys for Latin America suggested 
that it was possible to create a useful indicator summarizing a variety of infant and child 
feeding practices (specifically, those for which data are available in the DHS). The 
construction of the ICFI addressed two challenges in measuring and assessing infant and 
child feeding practices: these practices are multidimensional, and appropriate practices 
are age-specific, within narrow age ranges. The ICFI successfully summarizes several 
dimensions of infant and child feeding in one variable. It also accounts for the age-  43
specificity of feeding practices. The present analysis with the DHS+ Ethiopia data set 
confirms the usefulness of the index both for research and analysis and also as a summary 
indicator for illustrating and communicating the importance of infant and child feeding 
practices for nutrition and health outcomes. 
 
Lessons Learned from the Ethiopia Analysis 
The present work with the Ethiopia DHS+ 2000 extended our previous work on 
indicators for infant and child feeding practices in several ways. Taking advantage of the 
new, more detailed food group recall information in the DHS+, we refined our 24-hour 
and seven-day diversity indicators. In constructing the index, we also used a more 
systematic approach to score the diversity variables. In the absence of international 
recommendations for adequate or optimal dietary diversity, we used sample- and age-
specific terciles of food group diversity as the basis for scoring these component 
indicators.  
With this improved approach we confirmed that overall, the ICFI was associated 
with height-for-age in the same way and with a similar strength of association, as was the 
case with the Latin American DHS data. At approximately 0.4 Z-scores, the significant, 
positive association is of a size considered to be biologically meaningful, i.e., linked to 
functional outcomes. In the case of Ethiopia, this association was present only for the 
rural subsample. Nevertheless, the results support the idea that such an index may 
function in widely divergent contexts, as both the prevalence of various feeding practices   44
and access by children and families to various food items are very different in Ethiopia, 
as compared to the Latin American countries previously studied.  
As in the previous work, this association should not be viewed as causal, as 
clearly current practices do not determine current nutritional status. The meaning of the 
association depends on the possibility that current practices may represent past practices 
as well, i.e., that a child who is still breastfed has been breastfed throughout his/her life, 
or a child who is fed sufficiently frequently now may also have been fed sufficiently 
frequently at earlier ages. 
Also, as in the previous work, we faced certain methodological constraints in 
modeling the relationship between practices and nutritional status outcome indicators. 
Specifically, the feeding practices indicator itself is likely to be endogenous in the model. 
The commonly used solution of substituting instrumental variables in a two-stage 
modeling process is not available in this context, due to a lack of good candidate 
variables in the DHS data sets. 
Finally, as in previous work, the ICFI as constructed is intended to take advantage 
of the information available from the widely available DHS+ surveys; at the same time 
this means that the selection of variables for inclusion in the index is constrained by data 
available from these surveys. Other more comprehensive summary indices could be 
constructed, including a wider range of complementary feeding indicators (e.g., of 
quantity and nutrient density of foods, active feeding, and others) when and where such 
indicators are available.   45
The work with the Ethiopia data set went further than the analysis of the Latin 
American data sets in that it specifically explored the nature of the association between 
the ICFI and height-for-age. In an effort to ￿unpack￿ and understand the nature of the 
association, we examined associations between each component indicator and height-for-
age. This exercise showed that the association between the ICFI and height-for-age is 
most strongly driven by the very strong positive relationship between the diet diversity 
variables and height-for-age. The relationship was positive and strong regardless of 
which diversity indicator was used, and remained strong after statistical control for a 
range of potentially confounding variables. This important finding needs to be confirmed 
by analyses in other countries and contexts with varying levels of dietary diversity.  
This exercise also revealed that￿as has been documented elsewhere￿several 
positive practices (continued breastfeeding, and avoidance of bottle use) are associated 
with lower height-for-age, and that this is particularly true in urban areas in Ethiopia. In 
urban Ethiopia, the association of good practices with worse nutritional status may be due 
to confounding by differences in socioeconomic status (e.g., wealthier mothers and those 
with more education are more likely to use bottles). The strong negative association 
between these positive practices and height in urban areas may also explain why the ICFI 
is not associated with child height-for-age among the urban children in the survey. 
Finally, one of the main objectives of the Ethiopia analyses was to further assess 
the potential usefulness of the ICFI for three purposes: international comparisons; use in 
research, communication, and advocacy; and use in program monitoring and evaluation.   46
Because of the lack of universal recommendations regarding optimal dietary 
diversity at different ages, the approach used in the Ethiopia analyses to score these 
variables involved deriving sample-specific terciles. For this reason, the ICFI cannot be 
used for international comparisons because the cutoffs used to define low, average, and 
high dietary diversity are not universally defined. Until international recommendations or 
universally-accepted cutoff points are derived, the ICFI will not be suitable for 
international comparisons. 
In regard to the second purpose, analyses of the Ethiopia data confirmed our 
previous experience that the ICFI is a useful tool for a variety of research applications, 
and in communicating and advocating the importance of infant and child feeding to 
various audiences.  
The simulation exercise reported in the present manuscript assessed the potential 
usefulness of the ICFI for a third objective￿program evaluation. Simulations tested the 
responsiveness of the ICFI to varying levels of change in component practices. The 
analyses showed that the ICFI accurately reflects an averaging of the changes seen in 
individual component practices, and that it may therefore be useful in an evaluation 
context when programs are designed to change most or all component practices, and 
program managers are interested in a summary indicator that reflects overall progress 
toward improving feeding practices. 
The ICFI should not be used when the objective is to compare changes in 
practices between projects￿or geographic areas￿with differing baseline levels for 
individual practices.   47
Research Needs 
The analysis of the Ethiopia DHS+ 2000 raised a number of questions that will 
require further analysis and research. The DHS data offered a rare opportunity to 
compare 24-hour to seven-day food group recall data, using a nationally representative 
sample. In the context of the ICFI, we found that the two sets of recall data were 
redundant. Diversity indicators constructed from the 24-hour recall data were very tightly 
correlated with diversity indicators constructed from the seven-day recall data; similarly, 
three versions of the ICFI, using only 24-hour, only seven-day, or both recalls were all 
very tightly correlated. These results should be confirmed in assessments of dietary 
diversity using DHS data from a range of countries, including countries with a higher 
level of dietary diversity than was observed in Ethiopia. 
We also report very strong associations between simple food group diversity 
scores and HAZ, which remain after control for socioeconomic status. Very little work 
has been published relating simple food group diversity indicators to nutrient adequacy or 
growth outcomes in developing countries (see, e.g., Hatlły, Torheim, and Oshaug 1998; 
Onyango, Koski, and Tucker 1998; Onyango, Koski, and Tucker 1998). Other DHS data 
sets and other surveys that include similar indicators should be examined to see if an 
association between food group diversity and growth can be widely observed and 
confirmed after appropriately controlling for socioeconomic factors.  
Finally, much more work is needed to determine whether simple indicators of 
dietary diversity can accurately reflect nutrient adequacy, and if so, efforts to develop 
these indicators should be pursued.   48
Appendix: Summary of Methods Used for Simulation Exercise 
In this analysis, a simpler infant and child feeding index was constructed from 
four component practices: (1) continued breastfeeding; (2) bottle use; (3) frequency of 
feeding complementary foods; and (4) dietary diversity measured by the 24-hour recall. 
The seven-day recall was excluded in order to simplify the index, because it was found to 
be strongly correlated with the 24-hour recall.  
Simulations were performed by entering summary statistics (e.g., ￿percent of 
12-36-month-old children given bottle￿) into a spreadsheet; spreadsheet formulas then 
yielded the mean ICFI score. Two different types of simulations were performed. One 
used the EDHS 2000 data as a baseline, and the other a hypothetical baseline survey. For 
simplicity, only the hypothetical scenarios are presented here.
15 
Using the hypothetical baseline, the mean ICFI score was calculated for low 
program impact scenarios and high program impact scenarios (see Appendix Table 8 for 
description of hypothetical levels of changes under the different scenarios). In these 
scenarios, positive changes of 5￿10 percentage points (depending on the practice and the 
                                                 
15 The method used was identical, but the hypothetical examples illustrate the simulations more simply and 
clearly, both because round numbers are used and because baseline levels allow more scenarios. The 
hypothetical baseline leaves more space for change (e.g., in continued breastfeeding) than does the DHS 
data from Ethiopia ￿baseline,￿ and therefore illustrates high- and low-impact scenarios more clearly.   49
baseline level) are generally considered to represent low program impact and changes of 
10￿20 percentage points (depending on same) to represent high program impact.
16 
 
Table 8: Low and high impact scenarios, using a hypothetical baseline 
   Age  groups 
Components  Scenarios  6￿9 mo  9￿12 mo  12￿36 mo 
Breastfeeding  Baseline (%)   85  85  50 
  Low impact (increase in % points)  10  10  10 
  High impact (increase in % points)  10  10  20 
Bottle-feeding Baseline  (%)  20 20  5 
  Low impact (decrease in % points)  5  5  5 
  High impact (decrease in % points)  10  10  5 
24-hour food group 
diversity 
Baseline (% in each tercile)  33/33/33  33/33/33  33/33/33 
  Low impact (% in each tercile)  20/40/40  20/40/40  20/40/40 
  High impact (% in each tercile)  10/40/50  10/40/50  10/40/50 
Frequency of feeding  Baseline (% with scores 0/1/2 for 0￿12 
mo and 0/1/2/3 for 12￿36 mo) 
50/25/25 20/60/20  10/20/40/30 
  Low impact (% with scores 0/1/2 or 
0/1/2/3) 
25/50/25 10/60/30 5/15/45/35 
  High impact (% with scores 0/1/2 or 
0/1/2/3) 
10/50/40 10/50/40 5/10/45/40 
 
In addition to low- and high-impact scenarios, which are intended to illustrate 
real-world possibilities, we also include one scenario where each practice in each age 
group changes by 5 percentage points. This last scenario is meant purely as a 
mathematical example of how the ICFI score changes when practices change.
17  
                                                 
16 In defining low and high impact, actual changes in breastfeeding and complementary feeding that have 
been reported by PVOs were considered (personal communication from A. Swindale and P. Harrigan, 
FANTA project). For programs lasting three to five years, the size of reported changes in practices ranged 
widely, from no change (or even declines in positive practices) up to very large percentage-point changes in 
the range of 20￿40 percent. 
17 In this scenario, practices that have more than two possible scores (that is, frequency and diversity) are 
assumed to change by decreasing the percentage scoring ￿0￿ by 5 percent and increasing the percentage 
scoring ￿1￿ by 5 percent; there are no changes in the proportion scoring ￿2￿ or ￿3￿ in this scenario.   50
For the simulations, a hypothetical survey of 900 children was used, with 150 in 
the 6￿9 month age group, 150 in the 9￿12 month age group, and 600 in the 12￿36 month 
age group.
18  
 
 
 
 
                                                 
18 Hypothetical sample sizes by age group are needed because the spreadsheets calculate the mean CFI 
score as a weighted average of age-group specific means; see example spreadsheets in the appendix for 
details.   51
References 
Arimond, M., and M. T. Ruel. 2002. Summary indicators for infant and child feeding 
practices: An example from the Ethiopia Demographic and Health Survey 2000. 
Report submitted to Food and Nutrition Technical Assistance (FANTA). 
Washington, D.C.: International Food Policy Research Institute. 
Brown, K., K. Dewey, and L. Allen. 1998. Complementary feeding of young children in 
developing countries: A review of current scientific knowledge. Geneva: World 
Health Organization. 
Central Statistical Authority (Ethiopia) and ORC MACRO. 2001. Ethiopia Demographic 
and Health Survey. Addis Ababa, Ethiopia, and Calverton, Md., U.S.A.: Central 
Statistical Authority and ORC MACRO. 
Dewey, K. G. 2002. Guiding principles for breastfeeding and complementary feeding. 
Filmer, D., and L. Pritchett. 1998. Estimating wealth effects without expenditure data￿
Or tears: An application to educational enrollments in states of India. Working 
Paper 1994. Washington, D.C.: World Bank. 
Hatlły, A., L. E. Torheim, and A. Oshaug. 1998. Food variety￿A good indicator of 
nutritional adequacy of the diet? A case study from an urban area in Mali, West 
Africa. European Journal of Clinical Nutrition 52 (12): 891￿898. 
Judge, G. G., W. E. Griffiths, R. C. Hill, H. L￿tkepohl, and T. C. Lee. 1985. The theory 
and practice of econometrics. 2
nd edition. New York: Wiley.   52
Marquis, G. S., J.-P. Habicht, C. F. Lanata, R. E. Black, and K. M. Rasmussen. 1997. 
Association of breastfeeding and stunting in Peruvian toddlers: An example of 
reverse causality. International Journal of Epidemiology 26: 349-356. 
Martorell, R., and N. S. Scrimshaw. 1995. The effects of improved nutrition in early 
childhood: The Institute of Nutrition of Central America and Panama (INCAP) 
follow-up study. Journal of Nutrition 125 (4S). 
Menon, P., M. T. Ruel, and S. S. Morris. 2000. Socio-economic differentials in child 
stunting are consistently larger in urban than in rural areas. Food and Nutrition 
Bulletin 21 (3): 282￿289. 
Onyango, A., K. G. Koski, and K. L. Tucker. 1998. Food diversity versus breastfeeding 
choice in determining anthropometric status in rural Kenyan toddlers. 
International Journal of Epidemiology 27 (3): 484￿489. 
ORC MACRO. 2001. MEASURE DHS+ Model ￿A￿ Questionnaire with Commentary for 
High Contraceptive Prevalence Countries. Calverton, Md., U.S.A. 
Ruel, M. T. 2001. The natural history of growth failure: Importance of intrauterine and 
postnatal periods. In Nutrition and growth, ed. R. Martorell and F. Haschke. 
Philadelphia, Pa., U.S.A.: NestlØ Nutrition Workshop Series, Pediatric Program, 
Vol. 47. Nestec Ltd., Vevey/Lippincott Williams & Wilkins. 
Ruel, M. T., and P. Menon. 2002. Child feeding practices are associated with child 
nutritional status in Latin America: Innovative uses of the Demographic and 
Health Surveys. Journal of Nutrition 132 (June): 1180￿1187.   53
StataCorp. 2001. Stata Statistical Software: Release 7.0. College Station, Tex., U.S.A.: 
Stata Corporation. 
Stifel, D., D. Sahn, and S. Younger. 1999. Inter-temporal changes in welfare: 
Preliminary results from nine African countries. Food and Nutrition Policy 
Program Working Paper No. 94. Ithaca, N.Y.: Cornell University. 
WHO (World Health Organization). 1995. The World Health Organization’s infant-
feeding recommendations. Bulletin of the World Health Organization 73: 
165-174. 
 
 
 FCND DISCUSSION PAPERS 
 
 
01  Agricultural Technology and Food Policy to Combat Iron Deficiency in Developing Countries, 
Howarth E. Bouis, August 1994 
02  Determinants of Credit Rationing: A Study of Informal Lenders and Formal Credit Groups in 
Madagascar, Manfred Zeller, October 1994 
03  The Extended Family and Intrahousehold Allocation: Inheritance and Investments in Children in the 
Rural Philippines, Agnes R. Quisumbing, March 1995 
04  Market Development and Food Demand in Rural China, Jikun Huang and Scott Rozelle, June 1995 
05  Gender Differences in Agricultural Productivity: A Survey of Empirical Evidence, Agnes R. 
Quisumbing, July 1995 
06  Gender Differentials in Farm Productivity: Implications for Household Efficiency and Agricultural 
Policy, Harold Alderman, John Hoddinott, Lawrence Haddad, and Christopher Udry, August 1995 
07  A Food Demand System Based on Demand for Characteristics: If There Is "Curvature" in the Slutsky 
Matrix, What Do the Curves Look Like and Why?, Howarth E. Bouis, December 1995 
08  Measuring Food Insecurity: The Frequency and Severity of "Coping Strategies," Daniel G. Maxwell, 
December 1995 
09  Gender and Poverty: New Evidence from 10 Developing Countries, Agnes R. Quisumbing, Lawrence 
Haddad, and Christine Peæa, December 1995 
10  Women’s Economic Advancement Through Agricultural Change: A Review of Donor Experience, 
Christine Peæa, Patrick Webb, and Lawrence Haddad, February 1996 
11  Rural Financial Policies for Food Security of the Poor: Methodologies for a Multicountry Research 
Project, Manfred Zeller, Akhter Ahmed, Suresh Babu, Sumiter Broca, Aliou Diagne, and Manohar 
Sharma, April 1996 
12  Child Development: Vulnerability and Resilience, Patrice L. Engle, Sarah Castle, and Purnima Menon, 
April 1996 
13  Determinants of Repayment Performance in Credit Groups: The Role of Program Design, Intra-Group 
Risk Pooling, and Social Cohesion in Madagascar, Manfred Zeller, May 1996 
14  Demand for High-Value Secondary Crops in Developing Countries: The Case of Potatoes in 
Bangladesh and Pakistan, Howarth E. Bouis and Gregory Scott, May 1996 
15  Repayment Performance in Group-Based credit Programs in Bangladesh: An Empirical Analysis, 
Manohar Sharma and Manfred Zeller, July 1996 
16  How Can Safety Nets Do More with Less? General Issues with Some Evidence from Southern Africa, 
Lawrence Haddad and Manfred Zeller, July 1996 
17  Remittances, Income Distribution, and Rural Asset Accumulation, Richard H. Adams, Jr., August 1996 
18  Care and Nutrition: Concepts and Measurement, Patrice L. Engle, Purnima Menon, and Lawrence 
Haddad, August 1996 
19  Food Security and Nutrition Implications of Intrahousehold Bias: A Review of Literature, Lawrence 
Haddad, Christine Peæa, Chizuru Nishida, Agnes Quisumbing, and Alison Slack, September 1996 
20  Macroeconomic Crises and Poverty Monitoring: A Case Study for India, Gaurav Datt and Martin 
Ravallion, November 1996 
21  Livestock Income, Male/Female Animals, and Inequality in Rural Pakistan, Richard H. Adams, Jr., 
November 1996 
22  Alternative Approaches to Locating the Food Insecure: Qualitative and Quantitative Evidence from 
South India, Kimberly Chung, Lawrence Haddad, Jayashree Ramakrishna, and Frank Riely, January 
1997   FCND DISCUSSION PAPERS 
 
 
23  Better Rich, or Better There? Grandparent Wealth, Coresidence, and Intrahousehold Allocation, Agnes 
R. Quisumbing, January 1997 
24  Child Care Practices Associated with Positive and Negative Nutritional Outcomes for Children in 
Bangladesh: A Descriptive Analysis, Shubh K. Kumar Range, Ruchira Naved, and Saroj Bhattarai, 
February 1997 
25  Water, Health, and Income: A Review, John Hoddinott, February 1997 
26  Why Have Some Indian States Performed Better Than Others at Reducing Rural Poverty?, Gaurav Datt 
and Martin Ravallion, March 1997 
27  "Bargaining" and Gender Relations: Within and Beyond the Household, Bina Agarwal, March 1997 
28  Developing a Research and Action Agenda for Examining Urbanization and Caregiving: Examples 
from Southern and Eastern Africa, Patrice L. Engle, Purnima Menon, James L. Garrett, and Alison 
Slack, April 1997 
29  Gender, Property Rights, and Natural Resources, Ruth Meinzen-Dick, Lynn R. Brown, Hilary Sims 
Feldstein, and Agnes R. Quisumbing, May 1997 
30  Plant Breeding: A Long-Term Strategy for the Control of Zinc Deficiency in Vulnerable Populations, 
Marie T. Ruel and Howarth E. Bouis, July 1997 
31  Is There an Intrahousehold ’Flypaper Effect’? Evidence from a School Feeding Program, Hanan 
Jacoby, August 1997 
32  The Determinants of Demand for Micronutrients: An Analysis of Rural Households in Bangladesh, 
Howarth E. Bouis and Mary Jane G. Novenario-Reese, August 1997 
33  Human Milk￿An Invisible Food Resource, Anne Hatlły and Arne Oshaug, August 1997 
34  The Impact of Changes in Common Property Resource Management on Intrahousehold Allocation, 
Philip Maggs and John Hoddinott, September 1997 
35  Market Access by Smallholder Farmers in Malawi: Implications for Technology Adoption, Agricultural 
Productivity, and Crop Income, Manfred Zeller, Aliou Diagne, and Charles Mataya, September 1997 
36  The GAPVU Cash Transfer Program in Mozambique: An assessment, Gaurav Datt, Ellen Payongayong, 
James L. Garrett, and Marie Ruel, October 1997 
37  Why Do Migrants Remit? An Analysis for the Dominican Sierra, BØnØdicte de la BriŁre, Alain de 
Janvry, Sylvie Lambert, and Elisabeth Sadoulet, October 1997 
38  Systematic Client Consultation in Development: The Case of Food Policy Research in Ghana, India, 
Kenya, and Mali, Suresh Chandra Babu, Lynn R. Brown, and Bonnie McClafferty, November 1997 
39  Whose Education Matters in the Determination of Household Income: Evidence from a Developing 
Country, Dean Jolliffe, November 1997 
40  Can Qualitative and Quantitative Methods Serve Complementary Purposes for Policy Research? 
Evidence from Accra, Dan Maxwell, January 1998 
41  The Political Economy of Urban Food Security in Sub-Saharan Africa, Dan Maxwell, February 1998 
42  Farm Productivity and Rural Poverty in India, Gaurav Datt and Martin Ravallion, March 1998 
43  How Reliable Are Group Informant Ratings? A Test of Food Security Rating in Honduras, Gilles 
Bergeron, Saul Sutkover Morris, and Juan Manuel Medina Banegas, April 1998 
44  Can FAO’s Measure of Chronic Undernourishment Be Strengthened?, Lisa C. Smith, with a Response 
by Logan Naiken, May 1998 
45  Does Urban Agriculture Help Prevent Malnutrition? Evidence from Kampala, Daniel Maxwell, Carol 
Levin, and Joanne Csete, June 1998 
46  Impact of Access to Credit on Income and Food Security in Malawi, Aliou Diagne, July 1998   FCND DISCUSSION PAPERS 
 
 
47  Poverty in India and Indian States: An Update, Gaurav Datt, July 1998 
48  Human Capital, Productivity, and Labor Allocation in Rural Pakistan, Marcel Fafchamps and Agnes R. 
Quisumbing, July 1998 
49  A Profile of Poverty in Egypt: 1997, Gaurav Datt, Dean Jolliffe, and Manohar Sharma, August 1998. 
50  Computational Tools for Poverty Measurement and Analysis, Gaurav Datt, October 1998 
51  Urban Challenges to Food and Nutrition Security: A Review of Food Security, Health, and Caregiving 
in the Cities, Marie T. Ruel, James L. Garrett, Saul S. Morris, Daniel Maxwell, Arne Oshaug, Patrice 
Engle, Purnima Menon, Alison Slack, and Lawrence Haddad, October 1998 
52  Testing Nash Bargaining Household Models With Time-Series Data, John Hoddinott and Christopher 
Adam, November 1998 
53  Agricultural Wages and Food Prices in Egypt: A Governorate-Level Analysis for 1976-1993, Gaurav 
Datt and Jennifer Olmsted, November 1998 
54  Endogeneity of Schooling in the Wage Function: Evidence from the Rural Philippines, John Maluccio, 
November 1998 
55  Efficiency in Intrahousehold Resource Allocation, Marcel Fafchamps, December 1998 
56  How Does the Human Rights Perspective Help to Shape the Food and Nutrition Policy Research 
Agenda?, Lawrence Haddad and Arne Oshaug, February 1999 
57  The Structure of Wages During the Economic Transition in Romania, Emmanuel Skoufias, February 
1999 
58  Women’s Land Rights in the Transition to Individualized Ownership: Implications for the Management 
of Tree Resources in Western Ghana, Agnes Quisumbing, Ellen Payongayong, J. B. Aidoo, and Keijiro 
Otsuka, February 1999 
59  Placement and Outreach of Group-Based Credit Organizations: The Cases of ASA, BRAC, and 
PROSHIKA in Bangladesh, Manohar Sharma and Manfred Zeller, March 1999 
60  Explaining Child Malnutrition in Developing Countries: A Cross-Country Analysis, Lisa C. Smith and 
Lawrence Haddad, April 1999 
61  Does Geographic Targeting of Nutrition Interventions Make Sense in Cities? Evidence from Abidjan 
and Accra, Saul S. Morris, Carol Levin, Margaret Armar-Klemesu, Daniel Maxwell, and Marie T. 
Ruel, April 1999 
62  Good Care Practices Can Mitigate the Negative Effects of Poverty and Low Maternal Schooling on 
Children’s Nutritional Status: Evidence from Accra, Marie T. Ruel, Carol E. Levin, Margaret Armar-
Klemesu, Daniel Maxwell, and Saul S. Morris, April 1999 
63  Are Urban Poverty and Undernutrition Growing? Some Newly Assembled Evidence, Lawrence Haddad, 
Marie T. Ruel, and James L. Garrett, April 1999 
64  Some Urban Facts of Life: Implications for Research and Policy, Marie T. Ruel, Lawrence Haddad, 
and James L. Garrett, April 1999 
65  Are Determinants of Rural and Urban Food Security and Nutritional Status Different? Some Insights 
from Mozambique, James L. Garrett and Marie T. Ruel, April 1999 
66  Working Women in an Urban Setting: Traders, Vendors, and Food Security in Accra, Carol E. Levin, 
Daniel G. Maxwell, Margaret Armar-Klemesu, Marie T. Ruel, Saul S. Morris, and Clement Ahiadeke, 
April 1999 
67  Determinants of Household Access to and Participation in Formal and Informal Credit Markets in 
Malawi, Aliou Diagne, April 1999 
68  Early Childhood Nutrition and Academic Achievement: A Longitudinal Analysis, Paul Glewwe, Hanan 
Jacoby, and Elizabeth King, May 1999   FCND DISCUSSION PAPERS 
 
 
69  Supply Response of West African Agricultural Households: Implications of Intrahousehold Preference 
Heterogeneity, Lisa C. Smith and Jean-Paul Chavas, July 1999 
70  Child Health Care Demand in a Developing Country: Unconditional Estimates from the Philippines, 
Kelly Hallman, August 1999 
71  Social Capital and Income Generation in South Africa, 1993-98, John Maluccio, Lawrence Haddad, 
and Julian May, September 1999 
72  Validity of Rapid Estimates of Household Wealth and Income for Health Surveys in Rural Africa, Saul 
S. Morris, Calogero Carletto, John Hoddinott, and Luc J. M. Christiaensen, October 1999 
73  Social Roles, Human Capital, and the Intrahousehold Division of Labor: Evidence from Pakistan, 
Marcel Fafchamps and Agnes R. Quisumbing, October 1999 
74  Can Cash Transfer Programs Work in Resource-Poor Countries? The Experience in Mozambique, Jan 
W. Low, James L. Garrett, and Vit￿ria Ginja, October 1999 
75  Determinants of Poverty in Egypt, 1997, Gaurav Datt and Dean Jolliffe, October 1999 
76  Raising Primary School Enrolment in Developing Countries: The Relative Importance of Supply and 
Demand, Sudhanshu Handa, November 1999 
77  The Political Economy of Food Subsidy Reform in Egypt, Tammi Gutner, November 1999. 
78  Determinants of Poverty in Mozambique: 1996-97, Gaurav Datt, Kenneth Simler, Sanjukta Mukherjee, 
and Gabriel Dava, January 2000 
79  Adult Health in the Time of Drought, John Hoddinott and Bill Kinsey, January 2000 
80  Nontraditional Crops and Land Accumulation Among Guatemalan Smallholders: Is the Impact 
Sustainable? Calogero Carletto, February 2000 
81  The Constraints to Good Child Care Practices in Accra: Implications for Programs, Margaret Armar-
Klemesu, Marie T. Ruel, Daniel G. Maxwell, Carol E. Levin, and Saul S. Morris, February 2000 
82  Pathways of Rural Development in Madagascar: An Empirical Investigation of the Critical Triangle of 
Environmental Sustainability, Economic Growth, and Poverty Alleviation, Manfred Zeller, CØcile 
Lapenu, Bart Minten, Eliane Ralison, DØsirØ Randrianaivo, and Claude Randrianarisoa, March 2000 
83  Quality or Quantity? The Supply-Side Determinants of Primary Schooling in Rural Mozambique, 
Sudhanshu Handa and Kenneth R. Simler, March 2000 
84  Intrahousehold Allocation and Gender Relations: New Empirical Evidence from Four Developing 
Countries, Agnes R. Quisumbing and John A. Maluccio, April 2000 
85  Intrahousehold Impact of Transfer of Modern Agricultural Technology: A Gender Perspective, Ruchira 
Tabassum Naved, April 2000 
86  Women￿s Assets and Intrahousehold Allocation in Rural Bangladesh: Testing Measures of Bargaining 
Power, Agnes R. Quisumbing and BØnØdicte de la BriŁre, April 2000 
87  Changes in Intrahousehold Labor Allocation to Environmental Goods Collection: A Case Study from 
Rural Nepal, Priscilla A. Cooke, May 2000 
88  The Determinants of Employment Status in Egypt, Ragui Assaad, Fatma El-Hamidi, and Akhter U. 
Ahmed, June 2000 
89  The Role of the State in Promoting Microfinance Institutions, CØcile Lapenu, June 2000 
90  Empirical Measurements of Households￿ Access to Credit and Credit Constraints in Developing 
Countries: Methodological Issues and Evidence, Aliou Diagne, Manfred Zeller, and Manohar Sharma, 
July 2000 
91  Comparing Village Characteristics Derived From Rapid Appraisals and Household Surveys: A Tale 
From Northern Mali, Luc Christiaensen, John Hoddinott, and Gilles Bergeron, July 2000   FCND DISCUSSION PAPERS 
 
 
92  Assessing the Potential for Food-Based Strategies to Reduce Vitamin A and Iron Deficiencies: A 
Review of Recent Evidence, Marie T. Ruel and Carol E. Levin, July 2000 
93  Mother-Father Resource Control, Marriage Payments, and Girl-Boy Health in Rural Bangladesh, 
Kelly K. Hallman, September 2000 
94  Targeting Urban Malnutrition: A Multicity Analysis of the Spatial Distribution of Childhood 
Nutritional Status, Saul Sutkover Morris, September 2000 
95  Attrition in the Kwazulu Natal Income Dynamics Study 1993-1998, John Maluccio, October 2000 
96  Attrition in Longitudinal Household Survey Data: Some Tests for Three Developing-Country Samples, 
Harold Alderman, Jere R. Behrman, Hans-Peter Kohler, John A. Maluccio, Susan Cotts Watkins, 
October 2000 
97  Socioeconomic Differentials in Child Stunting Are Consistently Larger in Urban Than in Rural Areas, 
Purnima Menon, Marie T. Ruel, and Saul S. Morris, December 2000 
98  Participation and Poverty Reduction: Issues, Theory, and New Evidence from South Africa, John 
Hoddinott, Michelle Adato, Tim Besley, and Lawrence Haddad, January 2001 
99  Cash Transfer Programs with Income Multipliers: PROCAMPO in Mexico, Elisabeth Sadoulet, Alain 
de Janvry, and Benjamin Davis, January 2001 
100  On the Targeting and Redistributive Efficiencies of Alternative Transfer Instruments, David Coady and 
Emmanuel Skoufias, March 2001 
101  Poverty, Inequality, and Spillover in Mexico￿s Education, Health, and Nutrition Program, Sudhanshu 
Handa, Mari-Carmen Huerta, Raul Perez, and Beatriz Straffon, March 2001 
102  School Subsidies for the Poor: Evaluating a Mexican Strategy for Reducing Poverty, T. Paul Schultz, 
March 2001 
103  Targeting the Poor in Mexico: An Evaluation of the Selection of Households for PROGRESA, 
Emmanuel Skoufias, Benjamin Davis, and Sergio de la Vega, March 2001 
104  An Evaluation of the Impact of PROGRESA on Preschool Child Height, Jere R. Behrman and John 
Hoddinott, March 2001 
105  The Nutritional Transition and Diet-Related Chronic Diseases in Asia: Implications for Prevention, 
Barry M. Popkin, Sue Horton, and Soowon Kim, March 2001 
106  Strengthening Capacity to Improve Nutrition, Stuart Gillespie, March 2001 
107  Rapid Assessments in Urban Areas: Lessons from Bangladesh and Tanzania, James L. Garrett and 
Jeanne Downen, April 2001 
108  How Efficiently Do Employment Programs Transfer Benefits to the Poor? Evidence from South Africa, 
Lawrence Haddad and Michelle Adato, April 2001 
109  Does Cash Crop Adoption Detract From Childcare Provision? Evidence From Rural Nepal, Michael J. 
Paolisso, Kelly Hallman, Lawrence Haddad, and Shibesh Regmi, April 2001 
110  Evaluating Transfer Programs Within a General Equilibrium Framework, Dave Coady and Rebecca 
Lee Harris, June 2001 
111  An Operational Tool for Evaluating Poverty Outreach of Development Policies and Projects, Manfred 
Zeller, Manohar Sharma, Carla Henry, and CØcile Lapenu, June 2001 
112  Effective Food and Nutrition Policy Responses to HIV/AIDS: What We Know and What We Need to 
Know, Lawrence Haddad and Stuart Gillespie, June 2001 
113  Measuring Power, Elizabeth Frankenberg and Duncan Thomas, June 2001 
114  Distribution, Growth, and Performance of Microfinance Institutions in Africa, Asia, and Latin 
America, CØcile Lapenu and Manfred Zeller, June 2001   FCND DISCUSSION PAPERS 
 
 
115  Are Women Overrepresented Among the Poor? An Analysis of Poverty in Ten Developing Countries, 
Agnes R. Quisumbing, Lawrence Haddad, and Christina Peæa, June 2001 
116  A Multiple-Method Approach to Studying Childcare in an Urban Environment: The Case of Accra, 
Ghana, Marie T. Ruel, Margaret Armar-Klemesu, and Mary Arimond, June 2001 
117  Evaluation of the Distributional Power of PROGRESA￿s Cash Transfers in Mexico, David P. Coady, 
July 2001 
118 Is  PROGRESA Working? Summary of the Results of an Evaluation by IFPRI, Emmanuel Skoufias and 
Bonnie McClafferty, July 2001 
119  Assessing Care: Progress Towards the Measurement of Selected Childcare and Feeding Practices, and 
Implications for Programs, Mary Arimond and Marie T. Ruel, August 2001 
120  Control and Ownership of Assets Within Rural Ethiopian Households, Marcel Fafchamps and Agnes 
R. Quisumbing, August 2001 
121  Targeting Poverty Through Community-Based Public Works Programs: A Cross-Disciplinary 
Assessment of Recent Experience in South Africa, Michelle Adato and Lawrence Haddad, August 
2001 
122  Strengthening Public Safety Nets: Can the Informal Sector Show the Way?, Jonathan Morduch and 
Manohar Sharma, September 2001 
123  Conditional Cash Transfers and Their Impact on Child Work and Schooling: Evidence from the 
PROGRESA Program in Mexico, Emmanuel Skoufias and Susan W. Parker, October 2001 
124  The Robustness of Poverty Profiles Reconsidered, Finn Tarp, Kenneth Simler, Cristina Matusse, 
Rasmus Heltberg, and Gabriel Dava, January 2002 
125  Are the Welfare Losses from Imperfect Targeting Important?, Emmanuel Skoufias and David Coady, 
January 2002 
126  Health Care Demand in Rural Mozambique: Evidence from the 1996/97 Household Survey, Magnus 
Lindelow, February 2002 
127  A Cost-Effectiveness Analysis of Demand- and Supply-Side Education Interventions: The Case of 
PROGRESA in Mexico, David P. Coady and Susan W. Parker, March 2002 
128  Assessing the Impact of Agricultural Research on Poverty Using the Sustainable Livelihoods 
Framework, Michelle Adato and Ruth Meinzen-Dick, March 2002 
129  Labor Market Shocks and Their Impacts on Work and Schooling: Evidence from Urban Mexico, 
Emmanuel Skoufias and Susan W. Parker, March 2002 
130  Creating a Child Feeding Index Using the Demographic and Health Surveys: An Example from Latin 
America, Marie T. Ruel and Purnima Menon, April 2002 
131  Does Subsidized Childcare Help Poor Working Women in Urban Areas? Evaluation of a Government-
Sponsored Program in Guatemala City, Marie T. Ruel, BØnØdicte de la BriŁre, Kelly Hallman, Agnes 
Quisumbing, and Nora Coj, April 2002 
132  Weighing What￿s Practical: Proxy Means Tests for Targeting Food Subsidies in Egypt, Akhter U. 
Ahmed and Howarth E. Bouis, May 2002 
133  Avoiding Chronic and Transitory Poverty: Evidence From Egypt, 1997-99, Lawrence Haddad and 
Akhter U. Ahmed, May 2002 
134  In-Kind Transfers and Household Food Consumption: Implications for Targeted Food Programs in 
Bangladesh, Carlo del Ninno and Paul A. Dorosh, May 2002 
135  Trust, Membership in Groups, and Household Welfare: Evidence from KwaZulu-Natal, South Africa, 
Lawrence Haddad and John A. Maluccio, May 2002 
136  Dietary Diversity as a Food Security Indicator, John Hoddinott and Yisehac Yohannes, June 2002   FCND DISCUSSION PAPERS 
 
 
137  Reducing Child Undernutrition: How Far Does Income Growth Take Us? Lawrence Haddad, Harold 
Alderman, Simon Appleton, Lina Song, and Yisehac Yohannes, August 2002 
138  The Food for Education Program in Bangladesh: An Evaluation of its Impact on Educational 
Attainment and Food Security, Akhter U. Ahmed and Carlo del Ninno, September 2002 
139  Can South Africa Afford to Become Africa￿s First Welfare State? James Thurlow, October 2002 
140  Is Dietary Diversity an Indicator of Food Security or Dietary Quality? A Review of Measurement 
Issues and Research Needs, Marie T. Ruel, November 2002 
141  The Sensitivity of Calorie-Income Demand Elasticity to Price Changes: Evidence from Indonesia, 
Emmanuel Skoufias, November 2002 
142  Social Capital and Coping With Economic Shocks: An Analysis of Stunting of South African Children, 
Michael R. Carter and John A. Maluccio, December 2002  
 
 